ABSTRACT: Urban landscape spatiotemporal change patterns and their driving mechanisms in China are poorly understood at the national level.
■ INTRODUCTION
Over the past several decades, urbanization and urban landscape change have been the most dramatic changes to affect the earth's surface. 1−3 Globally, more people live in urban areas than in rural areas: 54% of the world's population lived in urban areas in 2014, 4 compared to a mere 10% in 1900. 2 The unprecedented rates of urban population growth over the past century have also driven rapid urban land expansions on a worldwide scale because of changes made to land to build cities and support the demands of urban populations. 5−8 Urban areas are the centers of economic and population agglomerations, social services, culture, and politics. Although they are the engine of society's innovation and prosperity, 9, 10 they are also the main cause of serious environmental problems such as air pollution, 11−13 water pollution, 14 increased anthropogenic greenhouse gas emissions, 15 urban heat islands, 16, 17 and reduced biodiversity. 18 Urban areas both pose problems and provide solutions related to human societies' sustainable future. 2 Therefore, the spatial and temporal characteristics, causes, and consequences of urban landscape changes must be scientifically understood before cities can be put on a sustainable development path.
According to the projection of World Urbanization Prospects 2014, most urban growth will occur in developing countries, and the scale of urbanization will be most extraordinary in China. 4 With its unprecedented economic growth, China has been witnessing a dramatic increase in urbanization since the 1978 implementation of economic reforms. 19 In 1978, 17.92% of Chinese were urban dwellers. By 2014, this proportion had increased to 54.77%. 20 Meanwhile, China's urban landscape and land use patterns have changed profoundly. Urban areas in China have increased exponentially, by more than 4 times (from 9775 km 2 to 45 566 km 2 ) between 1985 and 2012. 21, 22 Within this broad context, China's rapid urbanization and urban landscape changes in recent decades have provided a good laboratory to deepen and extend our understanding of the spatiotemporal patterns and driving mechanisms of the changing urban landscape. 9, 23 Landscape metrics can be defined as quantitative indices that describe the structures and patterns of a landscape. 24, 25 They can be used both to monitor urban landscape changes 1 and to direct policy makers to make appropriate decisions about sustainable development. 26 Recently there has been an increasing interest in applying landscape metrics supported by remote sensing (RS) and geographic information systems (GIS) to urban landscape changes to monitor, model, and assess the dynamics of urban landscape patterns and growth processes. 3,5,27−37 However, most previous studies have been conducted either at the single city level 26,38−40 or at the metropolitan level. 34, 41 Overall, research on urban landscape change in a national or global context is lacking 42 and it is difficult to scale up single-city case studies to regional and national levels. Currently, we do not know the overall patterns and regional differences of urban landscape change in China at the national level. Additionally, the impact of administrative level on urban landscape change remains unexplained. In two recent insightful interviews, two experts called for more indepth studies on urbanization in China at the national level, and greater theoretical understanding. 43, 44 Characterizing the urban form itself, however, is insufficient to advance our understanding of urban landscape patterns. 28 Identification of the driving forces of urban landscape change are the most urgent and fundamental issues in urban landscape analysis. It is widely recognized that the change in urban landscape is strongly influenced by socioeconomic, geophysical, and institutional constraints 42,45−47 and that demography and economics are the most important driving factors. 48, 49 Moreover, proximity variables, topological variables, neighborhood factors, and policy variables are considered important factors affecting urban land use changes. 28, 46, 50 That notwithstanding, the determinants of urban landscape change have previously only been analyzed for single cities, not than a national scale, except for a few insightful studies. 49, 51 However, it is difficult to generalize the driving forces of urban landscape change of individual cities to other regions. Moreover, driving mechanism analyses of urban expansion (or urban sprawl) generally represent the dominant direction of research. 51−56 That said, urban landscape change is more comprehensive than urban expansion. In analytical methods, spatial autocorrelation among spatial units has seldom been considered in determinant studies of urban landscape change. 46, 57 However, ignoring spatial effects might lead to biased results because spatial effects are important in geographic processes. 58 In this study, we first performed a national-scale urban landscape change analysis based on landscape metrics to characterize the spatiotemporal dynamics of urban landscape pattern changes in China. Second, we conducted a regional difference analysis of urban landscape pattern changes to understand the degree and magnitude of differences among regions and between cities and counties. Third, we quantified the driving forces of changes in urban landscape at the county level, considering geographical, socioeconomic, infrastructure, administrative level, policy, and historical factors. We end with a brief discussion of the policy implications of our results.
■ MATERIALS AND METHODS
Urban Land Use Data Set. We used two periods of land use data (1990 and 2005) 59, 60 Detailed procedures for deriving the extent of an urban area can be found in previous works. 60, 61 According to field validation, the average interpretation accuracy was 92.9% for 1990 and more than 95% for 2005.
59,60 Figure S1 shows a national-scale spatial distribution of urban land use changes, especially in the Beijing-Tianjin region, Yangtze River Delta and Pearl River Delta (see Supporting Information (SI), Figure S1 ).
Landscape Metrics. To understand the use frequency of landscape metrics in urban landscape pattern analysis, we reviewed more than 100 published papers from Web of Science (2002−2014) and chose 20 for detailed summary analysis (SI ,  Table S1 ). In this study, we selected the six most frequently 
AUG is the annual rate of urban land expansion; A end and A start are the extent of the urban land area at the start and end time of period, respectively; d is the time span of the study in years urbanization intensity index
UII i means the index of urbanization intensity for each unit i; UA iL and UA iF represents the total urban area of unit i in the last year and the first year of our study period, respectively; TA i is the total area of unit i and N stands for the length of the study period 3 Absolute size is characterized by two indices: total urban area (CA) and number of urban patches (NP). It is generally recognized that in urban growth, the total urban area continually increases. An NP metric is a measure of discrete urban areas in the landscape and is expected to increase during periods of rapid urban core growth; however, it may decrease if urban areas expand and merge into a continuous urban fabric. 3 Relative size is described by the mean patch size (MPS). MPS is an effective indicator to characterize urban form changes, and a high MPS value is usually a signal meaning a more aggregated, less fragmented and contiguous urban landscape. Edge density (ED) measures the total edges of urban areas relative to the total landscape. Low ED value across the urban landscape corresponds to a high value of contiguity for that landscape. 62 In practice, the MPS and ED have also been recommended as fragmentation metrics. 63 The complexity of urban landscape is described by mean shape index (MSI) and the area-weighted mean patch fractal dimension (AWMPFD). The more irregular and complex the shape of the urban area, the higher the value of MSI and the fractal dimension. 3 In addition, the annual rate of urban area growth (AUG) 27 and urbanization intensity index (UII) 39 are used to investigate the change rate of urban landscape and urbanization intensity.
The software package for urban landscape pattern analysis, the Patch Analyst 5.1 software application for ESRI ArcGIS 10.2, 64 which is a derivative of the FRAGSTATS software program, 62 was used to quantify the changes in China's urban landscape patterns. Landscape level analyses simply perform calculations for individual counties using Spatial Statistics (by regions), an embedded tool of the Patch Analyst 5.1 software. We calculated these landscape metrics for 1990 and 2005 for each county-level unit of China (2233 counties). We used the county-level unit as a basic spatial unit to capture smaller-scale information, to support regional and administrative level differences analysis, and to match the socioeconomic data of driving forces.
Regional-and Administrative-Level Differences Analysis. Regional-and administrative-level differences in urban landscape changes were also examined in this study. To capture regional differences, 2233 county units were divided into three regions: Eastern, Central, and Western (see Table 2 and Supporting Information Figure S2 ). City and county are different administrative-level units in China. A city is a hierarchical urban administrative region unit, whereas a county is a rural administrative region unit dominated by rural areas and a rural economy. Because of differentiation of development policy, cities and counties have various differences related to urban landscape patterns. Therefore, based on China's current administrative hierarchy, we divided data into city and county levels to distinguish these differences at the administrative level (SI, Figure S3 ).
Driving Forces and Their Data Sources. We extend the previous analytical framework of driving forces for urban landscape changes. This framework can be described using the hexagon determinants of geography, socio-economy, infrastructure, administrative level, policy, and history and includes ten quantitative variables. Table 2 shows a detailed description for this hexagon framework and the variables.
The geographical factors contain two quantitative variables. The administrative area (AREA) is a basic geographical factor and may have evolved as a constrained variable for urban landscape dynamic change, especially for a city with limited development space. This variable was collected for the year of 2005. The regional dummy variable (REGION) is a locational factor representing urban landscape change magnitude and is affected by external location and the development environment.
Socioeconomic factors include four driving forces, population (LNPOP), urbanization (URBAN), GDP per capita (LNGDP), and local financial revenue per capita (LNREV). For a country of China's size, population is the crucial factor in urban landscape changes. Urbanization means a growth of the urban population in urban areas and increasing demand for construction land; subsequently, these demands drive micro changes in the urban landscape through urban renewal in urban areas and urban expansion on the urban fringes. We expect that per-capita GDP might be the most important variable driving rapid change in the urban landscape. Economic development impulses often shape the urban form itself in China, because economic development is usually the supreme target of local government. This rapid pace of urban landscape change is driven by Chinese cities' overreliance on income from "local land finance." Local financial revenue per capita (LNREV) is a The infrastructure factor includes one index. Road density (LNROAD), which intensified in the past 30 years to improve transportation accessibility in China, has important impacts on urban landscape expansion and fragmentation. Roads, as one of several landscape elements, directly cause landscape fragmentation. Thus, road density was selected as a direct influencing factor. 65 However, because of limitations of more-refined road data, the high-grade road data set used in this paper includes railways, highways and national roads.
The administrative level factor also includes one variable. A city and county dummy variable (CITY) was used to characterize the administrative-level difference between city and county. To some extent, this difference is an obvious representation of China's dual urban-rural structure.
Policy factor (POLICY) is often a neglected variable. This paper focuses on national strategies and regional policies, statelevel economic development zones, and location in a country's urban system and development orientation for Development Priority Zones (2011). We used the method of Demurger et al. 66 and Li and Fang 58 to quantitate the qualitative issue (see SI Text S2 for details of description).
The historical factor (HISTORY) is also a frequently neglected factor. Although external factors such as socioeconomic driving force were crucial, they could not play important roles without local and regional historical foundations. Thus, more attention should be devoted to the effect of a long accumulation of local and regional comprehensive elements and self-organization on urban landscape change.
Spatial Econometric Model for Driving Forces Analysis. In recent years, the spatial econometrics model has attracted a great deal of attention in spatial and geographic data analysis. 67 Here we employed the joint spatial lag and error model to consider the spatial heteroskedasticity and spatial dependence of the error terms for a driving forces analysis of changing urban landscape. Unlike the ordinary least-squares (OLS) model, the dominant advantage of incorporated spatial error and spatial lag models is that they can effectively control the spatial dependency in the form of lag and error dependence to ensure estimation accuracy. 68 The spatial lag and error model was formulated as follows:
where y represents the dependent variables: the rate of change of selected urban landscape metrics between 1990 and 2005 for each county (see SI Figure S4 ). For the period from 1990 to 2005, data for 2233 Chinese counties were available. The rate of changes in the urban landscape metrics were computed as follows:
W is a (N × N) block diagonal matrix, and the individual elements of W = {w ij }. The scalar parameter ρ, a coefficient on the spatially lagged dependent variable provides a measure of influence for neighboring counties' rate of change of selected urban landscape metrics on the change rate of county i. This parameter must take on values less than one, the feasible range of ρ was −1 to 1, and in spatial regressions we would expect to see positive spatial dependence, indicating that the rates of change of selected urban landscape metrics are positively related to a linear combination of those from neighboring counties. λ is the spatial autocorrelation coefficient that expresses the intensity of spatial autocorrelation (interdependences) in the error term analogous to the serial correlation problem in time series models. X is the vector of explanatory variables and includes ten variables (see SI Figure S5 ). Wμ is the spatial lag of the errors. ε is a "well-behaved" error, with mean 0 and variance matrix σ 2 . The inclusion of additional endogenous explanatory variables (Y) leads to the following model:
Spatially weighted two-stage least-squares (S2SLS) plus generalized method of moments (GMM) estimation of the joint spatial lag and spatial error model without/with endogenous regressors was used in this spatial econometric model. This estimation model is designed to take both spatial heteroskedasticity and autocorrelation (KP-HET), proposed by Kelejian and Prucha, 69 into account. The GeoDaSpace 1.0 software package for the estimation and testing of spatial econometric models was employed (https://geodacenter.asu. edu/software/downloads/geodaspace, technical details can be found in previous works 67 ).
■ RESULTS AND DISCUSSION
Dynamic Patterns of Urban Landscape. Between 1990 and 2005, China experienced an accelerating process of urbanization and industrialization, which caused its urban landscape pattern to experience a series of drastic changes (Table 3) . From an absolute size perspective, total urban area (CA) has increased exponentially from 37 594 to 60 710 km 2 , and expanded approximately 1.61 times, with an annual increase of 1541 km 2 during the period from 1990 to 2005. Generally, considering the growth rate and spatial orientation of the development, extensive expansion was the primary form of urban growth, resulting in an explosive increase in the number of urban patches (NP) between 1990 and 2005from 38 823 to 49 213, an increase of 26.76%. This suggests that urban growth became more fragmented. This result was consistent with previous findings. 27, 35, 70 However, from a relative size perspective, MPS increased for all urban landscape, which does not represent a more fragmentary shape change. MPS increased 27.06% from 1990 to 2005, which indicates that the average patch size increased. This also suggests many small rural or other patches originally located in the urban and suburban areas might have been converted to urban use, resulting in larger patches on the urban fringes. 71 In other words, urban in-filling and edge expansion, not leapfrog development, was dominant. These results may differ from other studies on single cities. 27, 41 Based on the aforementioned different results for landscape fragmentation, a combination analysis for NP and MPS is essential to clarify this inconsistency because the aggregate process of individual landscape metrics could result in averaging, offsets and a partial lack of information. In concrete terms, there are four combination types of NP and MPS. It is generally recognized that increasing NP mirrors a trend toward fragmentary urban landscape. This, combined with a decrease in MPS, can be used to deduce that new urban expanding areas are smaller than existing neighborhoods (accounting for 22.35% of 2233 counties), which indicates that the degree of fragmentation of patches increased. 18 An increase in the value of NP and MPS may be indicative of urban land subdivisions Figure S6 show a detailed combination analysis for urban landscape metrics.
ED for urban landscape retained a downward trend; the value decreased 9.72% from 1990 to 2005. This finding further indicates that urban landscape expansion became contiguous under the rapid urbanization process. ED declined for overall urban landscape, implying that urban areas fused together in China. This result may further confirm the universality and reliability of studies in the Pearl River Delta. 3 MSI and AWMPFD for total urban area retained a slight upward trend from 1990 to 2005. This reveals that either the urban landscape was becoming more irregular and complex or the spatial heterogeneity was increasing in shape, which implies the unplanned growth of urban areas. 27 These findings further indicate the urban landscape became more complex as fragmentation decreased, resulting from a whole urban area's clumped development at the national level.
AUG was 2.98% for total urban landscape over the 15-year interval. The UII was 6.18%, meaning there was very low urbanization intensity. On the national scale, this implies that although the urban landscape experienced a rapid change process, urbanization intensity did not reach a high level.
Comparison Among Regions and Administrative Levels. Comparison of landscape metrics among various regions enabled a more detailed observation of how the urban landscape changed, which can help with decision-making. Between 1990 and 2005, urban areas in eastern counties increased by 79.81%, whereas in central and western counties, they grew by 45.00% and 36.47%, respectively. Regional differences in urban landscape notwithstanding, the heterogeneous size of the average urban area of individual cities was remarkable. In 2005, the counties with larger urban areas were predominantly in Beijing, Tianjin, Shandong, Jiangsu, Zhejiang, Fujian, Guangdong, central Hubei, southern Liaoning, and northwest Qinghai ( Figure 1A) . Unsurprisingly, counties in the eastern region had a larger average urban area size than counties in the central and western regions (see Table 3 ). This is likely attributable to the existence of a relatively long development history of urban land in the eastern counties and the strong driving forces of the "reform and openness" policy. 72 Thus, these regions also prioritized the prevention and control of rapid urban expansion. 73 In the case of NP, a similar changing trend was found among various regions compared to the national level. Although the NP of all three regions increased from 1990 to 2005, the magnitude of changes was different. Overall, the largest increases of NP were observed in the eastern counties. In terms of spatial distribution, the Yangtze River Delta, the Pearl River Delta, Fujian, Hubei and Hunan were primary focus areas. Therefore, these regions will be the subjects of strict management for urban landscape fragmentation. 74 Because of the aggregation of urban areas, MPS increased in three regions. Between 1990 and 2005, the rate of change of this metric in eastern counties witnessed the most rapid growth of 52.79%, whereas the central and western counties experienced more moderate growth, with rates of 17.73% and 17.52%, respectively. This stair-stepping urban landscape change pattern was consistent with macro regional development strategy and the unbalanced development of regional economies. 73 From the perspective of spatial heterogeneity, the high values of MPS clustered in north counties such as Shandong, Henan, Jiangsu, Anhui, Xinjiang, Inner Mongolia, and three provinces in the northeast of China ( Figure 1C) . The low values of MPS clustered in Zhejiang, Fujian, Jiangxi, Hubei, Hunan, Guangdong, and the southwest of China, where more attention should be devoted to preventing the occurrence of a more fragmented urban landscape.
Although urban area development in the various regions is heterogeneous, the change trends for ED are similar. The observed results reveal that the three regions all had a significant, decreasing ED trend over this time period. They indicated lower fragmentation of the urban landscape in 2005. Regional variation in ED indicated that eastern counties are the most aggregated and continuous, and central counties are superior to western counties. Therefore, with rapid progress in industrialization and urbanization it is crucial to pay extra attention to the intensive and compact development of urban areas in central and western counties. In concrete terms, spatial gathering regions of high ED value are the focuses of urban land governance, for example, in the Southwest and Central China regions ( Figure 1D) .
From the perspective of regional differences, MSI for urban landscape increased differently during the study period. The mean values of MSI in various regions (Table 3 ) from high to low were in the order of western region, central region and eastern region, indicating that the western counties had the most complex, irregular urban land shapes. However, this finding is not supported by the changes of AWMPFD value in various regions. In general, the value of AWMPFD in eastern counties was higher than in other counties. Spatially, the spatial distribution of AWMPFD follows the "Hu Huanyong Line," an important geographical boundary for China's population density. The southeast side of the Hu Huanyong Line represents the high-value concentrated region for AWMPFD a * Indicate significance at the 10% level. ** Indicate significance at the 5% level. *** Indicate significance at the 1% level. ( Figure 1E -F) where we should be concerned about urban landscape complexity, especially in the Yangtze River Basin, Guangdong and Fujian.
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The AUG and UII also showed a significant stair-stepping difference (Figure 2 ). On average, the annual rate of urban growth was 4.35% in eastern counties between 1990 and 2005. This was higher than in central and western counties. 73 Nevertheless, the central and western counties showed growth rates of 2.75% and 2.19%, respectively. In the case of UII, a similar changing trend was found among various regions. This is the result of rapid economic development and high-speed urbanization processes leading to increasing demand for urban construction, industrial development and housing. Spatially, the North China Plain, the Yangtze River Delta, the Pearl River Delta, Fujian, and the Chengdu−Chongqing region were prominent high-value clustering areas of AUG and UII.
For the differences in counties and cities that are calculated by total urban areas, 2005 CA in cities accounted for 71.26% with 646 cities, whereas counties only accounted for 28.74% with 1,587 counties. In general, cities have higher NP, MPS and AWMPFD value than counties (Table 3 ). These findings reveal that the urban landscape pattern in cities exhibits the most complex, least fragmented and most aggregate characteristics. Counties display diametrically opposed tendencies. Meanwhile, we also found several striking characteristics in changing urban landscape patterns. The UII in cities was 15.93, approximately 7.2 times its value in counties (2.21). Urban areas in cities account for 2.25% of the total area. However, the built-up area covered only 0.26% of the total area in counties. This clearly indicated that although administrative level impacts urban landscape patterns, urban size, and hierarchy also have effects.
Driving Forces Behind Changing Urban Landscape. To examine the driving mechanism behind changing urban landscape patterns, we regressed 2233 county-level administrative units using selected geographical indicators, socioeconomic factors, infrastructure variables, administrative level factors, policy factors, and historical factors (Table 4 ). In general, the spatial pseudo R 2 of these models was moderate. Pursuant to the work of Kaza, 28 this suggests that the socioeconomic factors and landscape metrics are orthogonal. Thus, using compound information about landscape metrics and explanatory variables will give a more complete picture of China's changing urban landscape. Meanwhile, we found significant spatial dependence in all spatial econometric models. This result confirms the necessity of using a spatial econometric model in regression analysis.
LNAREA is statistically significant for ED, MSI, AWMPFD, AUG, and UII. This indicates that increases in counties' total administrative area result in less contiguous and congregated patterns of urban development and a decrease in the complexity of urban landscape, the annual rate of urban growth, and urbanization intensity. This result implies that a larger administrative area is usually a constraining factor for intensive urban land use because it can provide more available space for extended and expanding urban development. In addition, the regression result reveals that the REGION variable is similar to regional difference analysis of urban landscape. The region dummy is statistically significant for three landscape metrics. Eastern counties show an increase in the number of patches, a decrease in the edge density, and a higher increase in annual rates of urban area growth than do the central and western counties.
The greater the population change, the more a county's urban areas increase, urban mean patch sizes increase, urban edge density decreases, annual rate of urban growth increases, and urbanization density increases. This result is consistent with the results of similar studies in support of demographic changes directly influencing urban landscape pattern changes. 51 The economic gap and dualization between rural and urban areas, along with more employment opportunities in cities, induced mass population migration from rural to urban areas, leading to rapid increases in urban land use. Surprisingly, the change in urbanization levels has a nonsignificant influence on the changes in urban landscape in the counties. Urbanization is only correlated to the changes in UII. The main reason is quite likely that the urbanization level refers to the proportion of rural and urban populations in registered residences ("hukou"). Not surprisingly, the GDP per capita variable is statistically significant for seven landscape metrics. Rapid economic growth dramatically spurs increases in urban areas and the number of urban patches increase. 49, 51 Increases in GDP per capita result in more contiguous, congregate, and complex patterns of urban development. Moreover, the econometric analysis showed that GDP per capita had positive effects on the increase of AUG and UII. The inference is also supported by the regression result of LNREV.
The infrastructure factor, represented by road density, is not a statistically significant variable for most regression models. This is a counterintuitive finding. The LNROAD variable is only correlated to an increase in the total urban areas, which demonstrates that traffic improvement directly impacts urban areas' growth. In China, investment in infrastructure gradually evolved into an important push to promote urban land expansion. For other urban landscape metrics, the coefficients were not significant. The most probable cause is the high-grade road data set used in this study; it includes railways, highways and national roads. However, for urban landscape, these highgrade roads serve long distance interurban travelers, not movement within the city or urban fringe. Therefore, their effects on urban landscape were often restricted, especially compared to inner-city roads. Unfortunately based on Landsat TM and Landsat ETM scenes with a spatial resolution of 30 m × 30 m, China's current national urban land-use data are unable to effectively obtain information about inner-city roads.
The CITY dummy variable is statistically significant for six regression models. The administrative level often determines preferences for policies and resource allocation in China. The development of cities has advantages compared to counties, and previous research has arrived at similar results for the U.S. 28 Therefore, cities experienced more obvious urban landscape changes than counties.
Our regression result reveals that the POLICY variable is statistically significant for CA, ED, and AWMPFD. Increases in policy preference result in larger total urban areas and more contagious and complex urban expansion shapes, perhaps because policy preference is a powerful economic growth driving force in China both to greatly expand urban areas and to induce unplanned growth. Our results also implied that preferential policies have strongly promoted urban areas' expansion, at least to an extent. The policies of stimulating industry development and attracting foreign investment are two efficient methods of driving economic growth, leading to dynamic changes in the urban landscape. POLICY is not significant for other landscape metrics such as NP and MPS. This result is primarily because macroscopic policies were To analyze the effects of the history factor, we incorporated the value of landscape metrics in 1990 into our models. Table 4 shows that the history factor is significantly and negatively related to the changes in urban landscape patterns. This effect is primarily caused by the embeddedness of urban landscape changes; in other words, it is difficult to change to change an urban landscape once a pattern has been formed.
To examine the reliability of our results, we also conducted a preliminary uncertainty analysis (see SI Text S4).
Policy Implications of Urban Landscape Changes. This study has significant policy implications for China. As we found, regional-and administrative-level differences in changing urban landscape patterns have intensified in the context of rapid urbanization. To formulate effective urban landscape policies, future decision-makers should adequately consider differences in region, urban size and hierarchy. This decision-making process may help end the traditional "one size fits all" policies. For example, for fragmentary and irregular urban expansion in western and central counties, it is crucial both to strengthen landscape governance and to undertake the intensive and compact development of urban areas.
Our driving forces analyses for changing urban landscape imply that urban economic growth demands frantic urban land expansion and additional land supply in China under rapid urbanization processes. In other words, urban China's current economic growth pattern is highly dependent on land resource input. 9 However, steady, rapid economic growth is always the primary goal of Chinese urban decision makers. The prerequisite of making differential feasible urban landscape policies is to maintain economic development. Therefore, Chinese local governments remain challenged by urban landscape governance to control blind urban expansion while maintaining economic growth in cities where rapid development is still necessary and important. Fundamentally, it is certain that urban China will transform its urban economic growth pattern and improve the efficiency of its urban land to achieve sustainable development. Meanwhile, the regression results of policy and road density variables are not without policy caveats. In a regression analysis of POLICY, this variable did not influence several landscape indices (NP, MPS, etc.), indicating that macroscopic policies play a lesser role in changing certain aspects of the landscape, such as shape and fragmentation. From the perspective of urban forms management, our result means that microscopic policy such as spatial distribution of functional areas and the urban design of individual cities, seems to be a more effective way to change urban forms. For regression analysis of LNROAD, high-grade roads have not had significant impacts on urban landscape changes, which implies that high-grade road planning and design may not be more effective than inner-city roads for urban landscape management.
It is well-known that using urban planning tools to manage urban landscape is the most effective measure. We think that three key points must be considered. On the one hand, as found in this study, the implementation of urban planning is an important task at China's current development stage for urban landscape management. Thus, the top priority for China's cities is to strengthen the management of urban planning. On the other hand, for urban planners, compact and congregate urban landscape might be a good choice for urban development patterns. Designing rational urban forms may be an effective way to address the problem of the unreasonable development of urban landscape. 75, 76 In addition, intensive urban land use is not only an important mission but also a major tool for urban planners in China. Moreover, based on the above driving forces analysis, policymakers for urban landscape should be aware of that accurate driving mechanism analysis. We hope that this study's empirical findings have important implications for the path toward developing sustainable urban forms in China (a sustainable urban form can be defined as having less complexity, a fewer number of patches, and a bigger patch size).
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